INTRODUCTION
Adaptation to extrauterine life is an energy-consumptive process due to increased losses from respiration, metabolism, thermoregulation, tissue synthesis, and activity. 1 During this adaptive period, extremely low birth-weight infants (r1000 g at birth; ELBW) may lose up to 15 to 20% of their birth weight (BW). 2 Furthermore, the time to return to BW, a critical determinant of ultimate growth percentile at discharge (D/C), may be prolonged by delayed introduction of parenteral and/or enteral nutrition, severity and complexity of illness, as well as concerns about nutrient intolerance and necrotizing enterocolitis. 3 Prolonged periods of suboptimal nutrition lead to significant cumulative deficits in energy and protein when compared to estimated nutritional requirements. 4 During the parenteral phase of early nutrition, protein intakes of 1.0 to 2.2 g/kg/day coupled with as little as 30 kcal/kg/day of energy can decrease protein catabolism and result in positive protein balance. 5, 6 Current recommendations of 3 g/kg/day of protein 7 and 120 kcal/kg/day of energy 8 are seldom sustained in ELBW infants during their hospital stay and may be insufficient to support continued growth and development. Intakes of up to 4 g/kg/day of protein and 140 kcal/ kg/day may be needed to match intrauterine growth and to allow for catch-up growth. 2 Recently, Embleton et al. 4 reported cumulative energy and protein deficits from birth until discharge or death in infants r1750 g in the United Kingdom. The magnitude of the deficits was inversely proportional to BW and helps to explain the significant growth retardation commonly seen in infants at hospital discharge. Our study focused on quantifying nutritional management and growth performance of ELBW infants during hospitalization and the early postdischarge period to further evaluate deficits in an even more immature population of infants.
METHODS
A retrospective chart review, approved by the Institutional Review Board at the University of Louisville School of Medicine, was conducted for infants with BWs r1000 g and < 30 weeks gestation (n ¼ 69) admitted to the neonatal intensive care unit at Kosair Children's Hospital in Louisville, Kentucky, during 1999 to 2001. Gestational age was assessed using maternal dates, fetal ultrasound, and Ballard physical examination. Infants had to be admitted by 24 h of age, free of major congenital anomalies and severe intraventricular hemorrhage (grade 3 or 4), and survive Z7 days to be eligible for inclusion. Infants were stratified by BW: r750 g (group 1; n ¼ 27) and 751 to 1000 g (group 2; n ¼ 42).
The nursing staff obtained daily weights using an electronic scale (accurate to 5 g) and weekly head circumferences (HC) using a tape measure (to the nearest 0.1 cm) to obtain the occipitalfrontal circumference. The weight and HC obtained on admission were considered equivalent to the birth values. Measurements and dietary intakes (parenteral and enteral) were recorded on the daily nursing notes. The last HC noted on the nursing chart was considered the D/C value, as long as it was within 7 days of D/C. Human milk was the initial feeding for 52% of group 1 and 48% of group 2 infants and was assumed to contain 20 kcal/oz and 0.4 g protein/oz. 9 When infants reached full enteral feedings, four packets of Similac s (14 kcal and 1.0 g protein) or Enfamil s (14 kcal and 0.7 g protein) human milk fortifier were added to 100 ml of milk. Of our infants, B15% received human milk exclusively. When human milk was unavailable (33% of group 1 and 50% of group 2), Similac s Special Care s with Iron 24 (24 kcal/oz and 0.7 g protein/oz; Ross Products Division of Abbott Laboratories, Columbus, OH) was used unless circumstances warranted the use of a special formula. A total of 30% of infants in both groups received a mixture of human milk and premature formulas. Specialized formulas were necessary for 15% of group 1 and 7% of group 2 infants. Formula nutrient values were based on manufacturer content labels. When fluid restriction was required, 27 kcal/oz (0.7 g protein/oz (human milk-based) and 0.8 g protein/oz (formula-based)), and 30 kcal/oz (0.7 g protein/oz) milks were prepared. One infant received only water and another was not fed prior to death (both in group 1).
The intake goals were 2.0 g/kg/day of protein and 50 kcal/kg/ day (first week; parenteral maintenance phase) 10 and 3.0 g/kg/day of protein and 100 kcal/kg/day (second week; transitional phase) 11 to allow for progression of nutrients as well as the predominance of parenteral nutrition during the first weeks of life. Goals of 3.0 g/kg/ day of protein 7 and 120 kcal/kg/day 8 were used from the third week of life through D/C (enteral growth phase). Actual daily intakes were subtracted from the goal and totaled for the weekly deficit. Cumulative data were calculated by the addition of the weekly values.
Infants were discharged on one of the following: modified term formula or unfortified human milk (20 kcal/oz), postdischarge formula (22 kcal/oz), or preterm formula (24 kcal/oz). Of those in group 1, 35% went home on a modified term formula or human milk, 57% on postdischarge formula, and 9% on preterm formula. Group 2 infants were discharged on a modified term formula or human milk in 18%, postdischarge formula in 77%, and preterm formula in 5%.
Follow-up (F/U) weights and HCs were obtained at 1-month post-D/C neonatal clinic visits (between 39 and 52 weeks postconceptional age [PCA] ) by the clinic nurse using the techniques as described for hospitalized infants. Weights and HCs were plotted on Lubchenco intrauterine growth curves 12, 13 until 40 weeks PCA and on sex-specific Infant Health and Development Program premature postnatal growth charts 14 after 40 weeks PCA.
Growth rates (g/day) for hospitalized infants were calculated by subtracting the BW from the D/C weight and dividing by the number of days from return to BW until D/C. HC growth rates (cm/ week) for hospitalized infants were calculated by subtracting the HC at birth from the D/C HC and dividing by the length of stay (weeks). Discharged infants' growth rates were calculated by subtracting the D/C values from the F/U values and dividing by the number of days from the time of D/C until the clinic visit.
RESULTS
Demographic information is presented in Table 1 . By study design, infants in group 1 differed from those in group 2 in regards to BW (607 vs 880 g) and gestational age (24.5 During hospitalization, the difference between actual and recommended energy intakes resulted in cumulative energy deficits for both groups (Figure 1 ). Group 1 infants averaged intakes of 38, 66, and 105 kcal/kg/day and group 2 infants had mean intakes of 46, 85, and 110 kcal/kg/day for weeks 1, 2, and 3 to 12, respectively. Cumulative energy deficits were 86 and 31 kcal/kg by the end of the first week, 904 and 526 kcal/kg at the end of the fifth week, and 1401 and 859 kcal/kg at D/C (or 12 weeks) for group 1 and group 2 infants, respectively. Figure 2 shows that infants did not meet the recommended protein intake early in their hospitalization, but later approached the minimum requirement with mean intakes of 0.9, 2.2, and 2.9 g/kg/day (group 1) and 1.1, 2.7, and 3.0 g/kg/day (group 2), for weeks 1, 2, and 3 to 12, respectively. Cumulative protein deficits were 7.7 and 6.2 g/kg by the end of the first week, 17.4 and 9.3 g/kg at the end of the fifth week, and 21.8 and 7.8 g/ kg at D/C (or 12 weeks) for group 1 and group 2 infants, respectively.
A total of 11% of the infants in group 1 were small for gestational age (SGA) at birth, with an increase to 74% by D/C. For group 2 infants, 7% were SGA at birth which rose to 40% by D/C. Re-examination of growth at F/U showed a reduction in the proportions of infants <10th percentile for weight to 57% of group 1 infants and 26% of group 2 (Figure 3) .
A total of 30% of the group 1 infants plotted <10th percentile for HC at birth, increasing to 50% at D/C. Microcephaly was less common in the group 2 infants (17% at birth and 16% at D/C). Similar to the pattern seen in weight gain, the proportion of microcephalic infants decreased after D/C to 23% of group 1 and 3% of the group 2 infants (Figure 4) .
Growth rates for hospitalized infants from return to BW through D/C were 17.1 g/d in group 1 and 22.2 g/d in group 2 (Table 1) . Not surprisingly, those infants who received higher amounts of protein and energy, had faster rates of weight gain and HC growth (Figures 5 and 6 ). For every additional gram of protein, weight gain increased an average of 6.5 g/day and HC increased an average of 0.08 cm/week. From the time of D/C until F/U, approximately 1 month later, growth rates increased to 29.2 g/day (group 1) and 33.0 g/day (group 2). HC growth for hospitalized infants was 0.60 cm/week for group 1 and 0.68 cm/week for the group 2 infants from birth through D/C. F/U HC growth rates increased to 0.73 cm/week (group 1) and 0.75 cm/week (group 2). 
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DISCUSSION
Failure to meet minimal requirements led to significant caloric and protein deficits in hospitalized infants. Although infants sporadically met the protein goal, sustained intakes that met both energy and protein goals rarely occurred in either group. In the Embleton study, calculations were based on daily energy goals of 120 kcal/kg/day and protein goals of 3.0 g/kg/day throughout hospitalization rather than the graduated goals we used during the first 2 weeks. Thus, while a direct comparison with his group's results is not feasible, our conclusions are consistent with their observations. Although our infants comprise a population served by a particular nutritional management, our results do not differ from those found in the literature that have also shown deficits in both protein and energy intakes from the current recommended amounts. A study published by Olsen et al. 15 of 564 ELBW infants in six different level III NICUs shows the mean intake of calories (102 kcal/kg/day) and protein (2.5 g/kg/day) at 3 weeks of life unsuccessful at reaching recommended levels with growth failing to meet intrauterine growth standards. Carlson and Ziegler 16 reported an average energy intake of 75 kcal/kg/day and protein intake of 1.9 g/kg/day in their infants during the first 2 weeks of life, clearly below the recommended levels.
On average, our infants received B99 kcal/kg/day and B2.8 g protein/kg/day, generating deficits of B16 kcal/kg/day and B0.2 g protein/kg/day. A daily intake of 140 kcal/kg/day and 3.2 g protein/kg/day from return to BW until hospital discharge (B12 weeks postnatal age) would eliminate deficits in most infants. Early initiation of parenteral nutrition helps to mitigate early protein deficits, so that deficits could more easily be overcome by discharge. However, if one uses Ziegler's 17,18 estimate of 3.85 g/kg/ day for ELBW infants to match the intrauterine protein accretion rate, the deficit is actually much greater, and could require protein intakes of B5.1 g/kg/day from return to BW for the protein deficit to be eliminated by 12 weeks.
With such large nutrient deficits and postnatal growth rates 26 to 43% below intrauterine rates (17.1 g/day (group 1), 22.2 g/ day (group 2) vs 30 g/day), 2 it is not surprising that three-fourths Figure 6 . HC growth vs protein intake.
Ernst et al.
Postnatal Malnutrition of our group 1 infants and almost half of the group 2 infants demonstrated extrauterine growth retardation at D/C. Once infants were discharged home, they experienced weight gains that were 71% (group 1) and 49% (group 2) greater than those seen during hospitalization, resulting in a reduction of 23% (group 1) and 36% (group 2) in the proportions of infants plotting <10th percentile for weight at early F/U. This may be due, in part, to unrestricted feedings in which many infants are known to have intakes well above 180 ml/kg/day. Patterns of head growth were similar to those of weight. HC growth rates of hospitalized infants (0.60 cm/week (group 1) 0.68 cm/week (group 2)) were slower than in utero rates (0.80 cm/ week).
2 During hospitalization, the proportion of group 1 infants plotting at <10th percentile increased from 30 to 50%, while the proportion of microcephalic infants in group 2 did not change (17%). HC growth increased 22% (group 1) and 18% (group 2) following hospital D/C, resulting in a drop of 55 and 78%, respectively, in the number of infants plotting below the <10th percentile.
We are not alone in our findings of severe growth stunting. In a study by the NICHD Neonatal Research Network in 1995 to 1996, 97% of those <1500 g at birth were discharged at <10th percentile. 19 A recently published study states that 89% of their infants had discharge weights <10th percentile. 20 Although the physical growth stunting related to postnatal malnutrition is worrisome, even more alarming is the dwindling of brain growth, possibly resulting in mental deficits that may also be related to nutritional deficiencies. 21, 22 Concerns coming to light in this age of genetic discovery include the implications of early life dietary experiences including obesity and other adult-onset diseases with life-long consequences. 23 One animal study even suggests the possibility of metabolic programming causing genetic mutations for disease predisposition transmitted to future offspring. 24 Future directions must include long-term outcomes research in regards to early and aggressive postnatal nutrition.
The smallest infants had the largest protein and caloric deficits. At discharge, the energy deficit trend was continuing downward, while protein deficits showed signs of leveling off. Group 2 infants also demonstrated significant caloric deficits throughout hospitalization; however, they were able to overcome some of the protein deficit during weeks 3 to 8 so that there was no further increase in calculated protein insufficiency. Both groups of infants showed an increase in the numbers of infants plotting <10th percentile for weight from birth to D/C, but, unlike the smaller, more vulnerable group 1 infants, those in group 2 showed some head sparing during hospitalization, leading to stability in the number of microcephalic infants at discharge. Taken together, these factors suggest that suboptimal nutritional support in the neonatal intensive care unit contributes to extrauterine growth retardation. Once infants reached their home environments and were allowed to feed without restrictions, both groups showed increased growth rates for weight and HC.
We were able to show a direct correlation between the amount of protein and energy intake and the rate of weight gain and HC growth. If our infants had received an extra 0.5 g/day of protein, we can speculate that they would have approached the intrauterine growth rate for both weight and HC. Realizing that currently available premature enteral and parenteral formulas were manufactured prior to the survival of ELBW infants in sufficient numbers, these formulations are not able to provide the maximal nutritional benefit to this subset of extremely premature infants. Products need to be developed specifically with the ELBW infant in mind and need to include greater amounts of energy and protein.
It has been suggested that nutrient goals must be increased to allow for catch-up growth prior to hospital D/C. 25 Thus, studies are needed to explore safe strategies to increase energy and protein intakes in the early postnatal period in order to avoid accruing the large deficits that become insurmountable prior to discharge. Ehrenkranz et al. 3 demonstrated that infants approached the intrauterine growth rates for weight, length, and HC after regaining BW. They offer us hope in that by recognizing the window of nutritional opportunity between the times of birth and when BW is regained, we can develop specific strategies to target optimal nutrition during this important phase. Specific strategies may include any or all of the following:
* Early initiation of parenteral nutrients, especially amino acids, within 24 h of birth. * Improved parenteral and enteral solutions, specially formulated for the ELBW infant. * More rapid nutrient advancement. * Earlier ad lib feedings prior to discharge. * Feeding paradigms that promote catch-up growth throughout the period of hospitalization.
Together, these interventions may reduce early deficits, shorten the time to return to BW, and promote improved growth in ELBW infants.
